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Bosque Ecosystem Monitoring Program (BEMP)



Report on 2018-19 Education and 2019 Monitoring

Objective: To collect and analyze abiotic and biotic data at BEMP sites in the Middle Rio
Grande Bosque while engaging K-12 and university students in learning about and monitoring
this ecosystem.

All data and reports are available on the BEMP website (www.BEMP.org) and on GitHub
(https://github.com/BEMPscience)

Scope of Work: The Bosque Ecosystem Monitoring Program (BEMP) combines long-term
ecological research with community outreach by involving K-12 students and their teachers, as
well as university students, in monitoring key indicators of structural and functional change in
the Middle Rio Grande riparian f or acoltaboration fibosque
between the University of New Mexico, Department of Biology and Bosque School in
Albuguerque, with fewer than 200 participants in its first year. Now, BEMP averages
approximately 9000 participants annually. The s t u d eexpérisn@es support science education
reform efforts and help to increase understanding and appreciation of the Rio Grande riparian
ecosystem. Students also learn proper monitoring protocols, riparian ecology, and how to use
data to answer questions through hands-on science. BEMP findings derived from student-
gathered data are used by government agencies to inform multi-million dollar river and riparian
management decisions.

During this reporting period, BEMP maintained 33 active monitoring sites along 250 miles of the
Rio Grande, including 32 sites within the Middle Rio Grande (Figure 1). BEMP has one inactive
site (Ohkay Owingeh, site 9). Through the strategic location of these sites, BEMP studies the
ecological drivers of fire, flooding, climate change, and human alteration on the bosque
ecosystem. Two-thirds of the BEMP sites were installed at the request of natural resource
managers to monitor the long-term ecological impacts of restoration projects such as
mechanical clearing, wood chipping, and bank-lowering.

BEMP monitors both biotic and abiotic variables. Our abiotic datasets are depth to groundwater;
water level in ditches and drains; precipitation; above- and below-ground temperature; and
water quality in the Rio Grande. Our biotic datasets are litterfall; vegetation cover; fuel load and
woody debris; cottonwood sex and diameter; surface-active arthropod richness and abundance;
and tamarisk leaf beetle distribution, abundance, and impact.

In March 2019, BEMP hosted the Crawford/Green Trails Symposium event to present new data,
visualizations, and analyses to management agencies. BEMP staff and students presented
BEMP data to managers, professionals, and students several times throughout the year
depending on conference availability. Some examples of conferences where BEMP shared data
include: Rivers Edge West, previously known as The Tamarisk Coalition, The Land and Water
Summit, Wildland-Urban Interface, Sevilleta Science Symposium, and more.

Timing of Data Collection: Depth to groundwater, water level in nearby ditches and/or drains,
precipitation, and litterfall are collected during our monthly monitoring week, held the week of


http://www.bemp.org/
http://www.bemp.org/
https://github.com/BEMPscience

the third Tuesday of each month. Surface-active arthropods are collected three times each year,
in the spring, summer, and fall. Vegetation cover is collected once each year in August-
September. Tamarisk leaf beetle monitoring is conducted during the week of monthly monitoring
from May-August with some sites collected in September. All other datasets are collected as
funding permits. River water quality sampling was conducted monthly in 2019.

Scope of Work and Timing of Data Collection taken from 2017 Annual Report.
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Figure 1. Map of all BEMP sites with inset for high site density areas (Albuquerque and Belen).
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Figure 2. BEMP reach classification. Sites are grouped into reaches based on river
geomorphology, potential for overbank flooding, and perennial river flow. BEMP-designated
reaches include Northern Perched (north of Albuquerque), Northern Albuguerque (north of 1-40),
Southern Albuquergue (south of 1-40), Valencia (county), Socorro (county), and Semi-Arid (Las
Cruces). Table 1 contains a list of sites within each reach designation.



Table 1. BEMP site numbers running north to south, with names, abbreviations, counties, latitude,
longitude, BEMP-designated reach (Figure 2), and data collected (2018 vegetation cover, tamarisk leaf

beetle, 2018 surface-active arthropods, groundwater wells, litterfall, and temperature).

*Ohkay Owingeh, northernmost site, is inactive and no longer monitored.
** Groundwater data are collected at Pueblo of Sandia but are proprietary.

*** USBR well is monitored.

# | SITENAME ABBR | COUNTY | LAT LONG VEG TLB | ARTHRO WELLS LITTER TEMP REACH
9 | *Ohkay Owingeh 00 Taos 36.0618| -106.076108 Nperch
24 | Santo Domingo SD Sandoval | 35.50989  -106.389611 X X X X Nperch
5 | Santa Ana SA Sandoval | 35.34284 -106.545847 X X X X | Nperch
32 | Sandia SAND | Sandoval | 35.25523  -1065911| X X X X X Nperch
22 | Bobcat BOB | Bernalillo | 35.19706| -106.643949 X X X N Abq
21 | Badger BAD | Bernalillo | 35.19557 | -106.641622 X X X X N Abg
12 | Minnow MIN Bernalillo | 35.19315 -106.646915 X X X X N Abg
10 | Diversion DIV Bernalillo | 35.19196 | -106.644189 X X X X N Abgq
11 | Calabacillas CALAB| Bernalillo | 35.19057 -106.649163 X X X N Abg
1 | Alameda ALA | Bernalillo @ 35.18805  -106.646919 X X X X X | N Abqg
17 | Montano MON | Bernalillo | 35.14529  -106.680370 X X X X N Abg
6 | Savannah SAV | Benalillo | 35.14285  -106.681981 X X X X X X | N Abqg
Rio Grande Nature . X X X X X
2 | Center RGNC | Bernalillo | 35.12675 -106.688432 N Abq
20 | Route 66 Rt66 | Bernalilo | 35.10066 -106.692350 X X X X X X | SAbq
23 | BioPark BioP | Bernalillo & 35.07873| -106.667947 X X X X | S Abq
Hispanic Cultural . X X X X
8 | Center HCC Bernalillo | 35.06881 -106.658058 S Abg
29 ﬁ?cﬂe?:;/erbank AOP | Bemalilo = 35.04753 -106.664012 X X X X X SAbq
13 | Harrison HARR | Bernalillo | 35.01506 -106.673695 X X X X X S Abg
31 | San Jose SJ Bernalillo | 35.01217 -106.67384, X X X X S Abg
28 | Valle de Oro VDO | Bemalillo | 34.97895 -106.680137 X X X S Abg
30 | State Land Office | SLO | Bernalillo | 34.9672 -106.685649 X X X X X | SAbq
27 | Bosque Farms BF Valencia | 34.84885 -106.714722 X X X X X Val
3 | Los Lunas LL Valencia | 34.81237| -106.714458 X X X X X X | val
19 | Reynolds Forest | RF Valencia | 34.66065 -106.742953 X X X X X Val
18 | Reynold<leared RC Valencia | 34.65966 -106.742133 X X Val
15 | Valencia Cleared | VC Valencia | 34.64863| -106.73973 X X X X X Val
4 | Belen BEL | Valencia | 34.64843 -106.737702 X X X X X | val
16 | Valencia Forest VF Valencia | 34.64716 -106.738482 X X X X Val
25 | Crawford CRAW | Valencia 34.6405| -106.742047 X X X X X Val
14 | Sevilleta SEV | Socorro | 34.25834 -106.883185 X X X X X Socorro
7 | Lemitar LEM | Socorro | 34.16703 -106.889949 X X X X X X | Socorro
34 | River Realignment | RR Socorro | 33.82269 -106.841847 X X X Socorro
33 | Bosque del Apache, BDA | Socorro | 33.81965  -106.854001 X X X X Socorro
Mesilla Valley MVBS X X X _
26 | Bosque State Park | P Dofia Ana | 32.24833| -106.821014 S arid



BEMP Data

In the following pages, we report on depth to groundwater, precipitation, temperature, litterfall,
vegetation cover, tamarisk leaf beetle, surface active arthropods, water chemistry, rapid
assessment protocols, soil microbes, and the Bosque del Apache river realignment pilot project.

Depth to Groundwater: 2019

Depth to groundwater is monitored at most BEMP sites with the exception of the Pueblos of
Santa Ana and Santo Domingo, sites 5 and 24. Groundwater data are collected with permission
at the Pueblo of Sandia, but these are proprietary data and requests for groundwater data must
go through the Department of Natural Resources at the Pueblo. At all other BEMP sites, five
groundwater wells are monitored during the week of monthly monitoring, along with the nearby
ditch or drain. K-12 students and teachers monitor sites along with BEMP staff or UNM interns.
The USGS river flow data are downloaded based on the day of monitoring from the USGS
Central gauge (USGS Gauge ID: 08330000).

Full monitoring methods can be found at: http://bemp.org/wp-content/uploads/2016/01/well-
installation-and-monitoring-directions.pdf.

The 2019 depth to groundwater data are shown below in Figure 3.

Groundwater responds rapidly to changes in river flow at the majority of the BEMP sites.
Flooding occurred at most southern Albuquerque sites and sites south of Albuquerque in May-
July 2019 (Figure 3). In the height of the 2005 flooding (which occurred in April), 5 out of 22
BEMP sites (22 in existence at the time) had flooding: Route 66, Harrison, Reynolds Forest,
Valencia Cleared, and Belen. In May 2017, 12 out of 31 sites had flooding: Route 66, BioPark,
AOP, Harrison, San Jose, State Land Office, Bosque Farms, Los Lunas, Reynolds Forest,
Valencia Cleared, Belen, and Crawford. In the 2019 flood, the peak was May-June, and there
was flooding at 20 out of 33 active sites based on the well data. There was flooding at a 21%' site
(Montafio), but it did not extend to the wells at the site. The flooded sites in 2019 were Bobcat,
Minnow, Savannah, Route 66, BioPark, Hispanic Cultural Center, Albuquergue Overbank
Project, Harrison, San Jose, State Land Office, Bosque Farms, Los Lunas, Reynolds Forest,
Reynolds Cleared, Valencia Cleared, Belen, Valencia Forest, Crawford, River Realignment, and
Bosque del Apache. This includes 6 (or 7, with Montafio) sites that flooded in 2019 that had not
flooded in either the high flows of 2005 or 2017: Bobcat, Minnow, Savannah, (Montafio),
Hispanic Cultural Center, Reynolds Cleared, and Valencia Forest. The first four sites, including
Montafio, are fnorthern Albuquerqueosites that are north of I-40. There has been no flooding at
Savannah since it became a site in March 2000, and very likely not for decades before that.


http://bemp.org/wp-content/uploads/2016/01/well-installation-and-monitoring-directions.pdf
http://bemp.org/wp-content/uploads/2016/01/well-installation-and-monitoring-directions.pdf
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Figure 3. The 2019 depth to groundwater capturing the spring and summer 2019 flood and
sustained inundation of the riparian area. Time is progressing from left to right. Sites are
arranged from north to south. Each colored line represents one of the five wells at a BEMP site.



Precipitation: 2019

Data from two rain gauges are collected monthly at all but two BEMP sites. The Bosque Farms
gauges were regularly vandalized so they were removed, and the Valle de Oro gauge was
consistently used as a bird perch and became unsanitary so it was also removed. At all other
sites, there is one TruCheck rain gauge located beneath a tree canopy and a second gauge
located in an open area. A small amount of vegetable oil is added to each gauge in order to
prevent precipitation from evaporating. In the past we had issues with the Tru-check gauges
cracking, but as those issues have declined, BEMP has gone back to using only the Tru-Check
rain gauges at all sites in 2019.

Full monitoring methods can be found at: http://bemp.org/wp-content/uploads/2016/01/weather-
station-precipitation-monitoring-directions. pdf

Precipitation is monitored by BEMP staff alongside community scientists.

The historic monsoon months during 2019 had less rainfall than the late fall and winter events
(Figure 4). Spring and summer months were dry, with larger rain events occurring in August and
September for the northern sites, in October for the southern sites, and in December at all sites.


http://bemp.org/wp-content/uploads/2016/01/weather-station-precipitation-monitoring-directions.pdf
http://bemp.org/wp-content/uploads/2016/01/weather-station-precipitation-monitoring-directions.pdf
http://bemp.org/wp-content/uploads/2016/01/weather-station-precipitation-monitoring-directions.pdf
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Figure 4. Precipitation from 2019 open rain gauges. Sites are arranged north to south along the

y-axis (northern sites starting at the top); months are along the x-axis. Larger circles and

increasing blue colors represent more precipitation. The long term trend of rainfall shifting to
later than the historical monsoon season is evident in the 2019 data.



Temperature Loggers: 2018 - 2019

We collected temperature data at 12 BEMP sites: Alameda, RGNC, Los Lunas, Belen, Santa
Ana, Savannah, Lemitar, Rt 66, BioPark, Mesilla, AOP, and SLO. Temperature data loggers
were placed near the canopy rain gauges, buried underground near the canopy rain gauges,
and buried near the open rain gauges. Temperature data are downloaded annually by BEMP
staff and university students. During 2018 1 2019, seven temperature loggers: Santa Ana -
Open Subsurface, Savannah - Canopy Subsurface, State Land Office - Open Subsurface, Los
Lunas - Canopy Sub, Mesilla - Open Subsurface, Belen - Open Subsurface, and BioPark -
Open Subsurface.

The data were run through a visual QA/QC to make sure the plots make sense and follow the
general expected pattern. The data were then checked for the number of NA (missing data
points) by site over time and for any points there were more than three standard deviations (SD)
away from the z-score transformed data. The number of data points flagged as outside the 3 SD
were minimal given the volume of data. The number of data points outside of 3 SD from z-
scored data from canopy_C was 1; canopy_sub_C was 29, and open_sub_C was 7.

The full raw data (at 1 hour intervals), the R QA/QC script, and the full QA/QC report are
available at:
https://qgithub.com/BEMPscience/bemp data/tree/master/additional data sets/temperature log

gers

The data were transformed into daily mean, minimum, and maximum temperature. Figure 5
shows the mean daily air temperature under canopy and the subsurface temperature under
canopy over time. The southernmost sites (Mesilla and Lemitar) have the warmest temperatures
and also have the lowest canopy cover. Data trends from 2018-2019 show that sites in
Albuguerque with low cover do not necessarily trend warmer for air temperatures, but cover
does make a difference just on/under the ground surface. Air temperatures are more consistent
across sites while subsurface temperatures have greater variability between sites (Figure 5).


https://github.com/BEMPscience/bemp_data/tree/master/additional_data_sets/temperature_loggers
https://github.com/BEMPscience/bemp_data/tree/master/additional_data_sets/temperature_loggers
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Figure 5. A) Canopy and B) open subsurface temperature gauges showing the mean daily
temperature from 2018-2019 (note the difference in scale). Sites are arranged from north to
south. Southern BEMP sites on average have a slighter higher temperature than the northern
sites.
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